
Equations

ax2 + bx + c = 0 and x =
−b ±

√
b2 − 4ac

2a
Quadratic Equation

PV = nRT Ideal Gas Law

PT =
∑

i
Pi Dalton’s law of partial pressures

(

P +
an2

V 2

)

(V − nb) = nRT van der Waals equation

Z = 1 +
B

Vm
+

C

V 2
m

+
D

V 3
m

+ · · · Virial Equation

Z = 1 + B′P + C′P 2 + D′P 3 + · · · Virial Equation

Etrans =
3

2

RT

NA
=

3

2
kBT Average kinetic energy

vrms =

√

3kBT

m
=

√

3RT

M Root-mean-square velocity

dN

N
= 4πc2

(

m

2πkBT

)3/2

e−mc2/2kBT dc Maxwell speed distribution

c =

√

8kBT

πm
=

√

8RT

πM Average or mean speed

cmp =

√

2kBT

πm
=

√

2RT

πM most probable speed

Z1 =
√

2πd2c
N

V
Collision frequency

Z11 =

√
2

2
πd2c

(

N

V

)2

Binary collision frequency

λ =
1√

2πd2(N/V )
Mean free path

η =
mc

3
√

2πd2
Gas viscosity

r1

r2

=

√

M2

M1

Graham’s laws of diffusion and effusion

N2

N1

= e−∆E/kBT Boltzmann distribution law

w = −
∫

pdV expansion work

w = −nRT ln
V2

V1

= −nRT ln
P1

P2

work of isothermal, reversible ideal gas expansion

∆U = q + w First law of Thermodynamics

dU = d̄ q + d̄ w First law of Thermodynamics

H = U + PV Definition of Enthalpy

Cv =
(

∂U

∂T

)

v
Heat capacity at constant volume

Cp =
(

∂U

∂T

)

p
Heat capacity at constant pressure

P1V
γ
1

= P2V
γ
2

Adiabatic, reversible expansion of an ideal gas

P = F/A pressure

p = mv momentum



S = kB ln W Boltzmann definition of Entropy

∆S = nR ln
V2

V1

Entropy change due to isothermal gas expansion

∆S =
qrev

T
Thermodynamic definition of Entropy

dS =
dqrev

T
Thermodynamic definition of Entropy

ǫ =
|w|
q

= 1 − Tc

Th
Thermodynamic efficiency

∆Suniv = ∆Ssys + ∆Ssurr ≥ 0 Second law of Thermodynamics

∆mixS = −R(nA ln xA + nB ln xB) Entropy change due to isothermal mixing

∆mixG = RT (nA ln xA + nB ln xB) change in Gibbs Energy due to isothermal mixing

∆fusS =
∆fusH

Tf
Entropy change due to melting

∆vapS =
∆vapH

Tf
Entropy change due to vaporization

∆S = S2 − S1 = nCp,m ln
T2

T1

Entropy change due to heating at constant pressure

∆S = ST − S0 =

∫ T

0

Cp

T
dT Third Law Entropy

G = H − TS Gibbs Energy

dGsys ≤ 0 At constant T and p

∆G = ∆H − T∆S At constant T and p

A = U − TS Helmholtz Energy

dAsys ≤ 0 At constant T and V

∆A = ∆U − T∆S At constant T and V

dU = TdS − pdV 1st + 2nd law

dG = V dp − SdT G dependence on T and p







∂
(

∆G

T

)

∂
(

1

T

)







p

= ∆H Gibbs-Helmholtz Equation

∆G = nRT ln
p2

p1

Change in G due to change in p

Gm = G◦

m + RT ln
p

p◦
Molar G for a gas

dp

dT
=

∆Hm

T∆Vm
Clapeyron Equation

ln p = −∆Hm

RT
+ constant Clausius-Clapeyron Equation



V = n1V1,m + n2V2,m Volume of a solution

µi =
(

∂G

∂ni

)

T,p,nj

Chemical Potentials

pA = xAp∗

A Raoult’s law

µA = µ∗

A + RT ln xA chemical potential of solvent in ideal mixture

pi = Kx,ixi Henry’s Law (mole fraction basis)

pi = Kx,mmi Henry’s Law (molality basis)

µB(p, T ) = µref
x,B(p, T ) + RT ln xA chemical potential of solute in ideal mixture

µB(p, T ) = µref
x,B(p, T ) + RT ln aA chemical potential of solute in real mixture

ai = γixi Definition of activity coefficient

∆rG
◦ = −RT ln Kp ∆rG

◦ and Kp relationship

∆rG = ∆rG
◦ + RT ln Q Gibbs energy change of a reaction

γ = f/p Fugacity coefficient



1H
Hydrogen

1.008

3Li
Lithium

6.941

11Na
Sodium

22.990

19K
Potassium

39.098

37Rb
Rubidium

85.47

4Be
Berylium

9.012

12Mg
Magnesium

24.305

20Ca
Calcium

40.08

38Sr
Strontium

87.62

55Cs
Cesium

132.91

56Ba
Barium

137.33

87Fr
Francium

(223)

21Sc
Scandium

44.96

22Ti
Titanium

47.88

23V
Vanadium

50.94

39Y
Yttrium

88.91

40Zr
Zirconium

91.22

57La
Lanthanum

138.91

72Hf
Hafnium

178.49

59Pr
Praseodymium

140.9077

73Ta
Tantalum

180.95

41Nb
Niobium

92.91

74W
Tungsten

183.85

42Mo
Molybdenum

95.94

24Cr
Chromium

52.00

60Nd
Neodymium

144.24

75Re
Rhenium

186.2

43Tc
Technetium

(98)

25Mn
Manganese

54.94

76Os
Osmium

190.2

44Ru
Ruthenium

101.1

26Fe
Iron

55.85

27Co
Cobalt

58.93

28Ni
Nickel

58.69

29Cu
Copper

63.546

30Zn
Zinc

65.38

45Rh
Rhodium

102.91

46Pd
Palladium

106.4

47Ag
Silver

107.87

48Cd
Cadmium

112.41

77Ir
Iridium

192.2

78Pt
Platinium

195.08

79Au
Gold

196.97

80Hg
Mercury

200.59

5B
Boron

10.81

6C
Carbon

12.011

7N
Nitrogen

14.007

8O
Oxygen

15.999

9F
Fluorine

18.998

Neon

20.179

10Ne

13Al
Aluminum

26.98

14Si
Silicon

28.09

15P
Phosphorus

30.974

16S
Sulfur

32.06

17Cl
Chlorine

35.453

18Ar
Argon

39.948

2He
Helium

4.003

31Ga
Gallium

69.72

32Ge
Germanium

72.59

33As
Arsenic

74.92

34Se
Selenium

78.96

35Br
Bromine

79.904

36Kr
Krypton

83.80

49In
Indium

114.82

50Sn
Tin

118.69

51Sb
Antimony

121.75

52Te
Tellurium

127.60

53I
Iodine

126.90

54Xe
Xenon

131.29

81Tl
Thallium

204.38

82Pb
Lead

207.2

83Bi
Bismuth

208.98

84Po
Polonium

(244)

85At
Astatine

(210)

86Rn
Radon

(222)

88Rd
Radium

226.03

89Ac
Actinium

227.03

58Ce
Cerium

140.12

61Pm
Promethium

(145)

62Sm
Samarium

150.36

90Th
Thorium

232.04

91Pa
Protactinium

231.0359

92U
Uranium

238.03

93Np
Neptunium

237.05

63Eu
Europium

151.96

64Gd
Gadolinium

157.25

65Tb
Terbium

158.93

66Dy
Dysprosium

162.50

67Ho
Holmium

164.93

68Er
Erbium

167.26

94Pu
Plutonium

(244)

95Am
Americium

(243)

96Cm
Curium

(247)

97Bk
Berkelium

(247)

98Cf
Californium

(251)

99Es
Einsteinium

(254)

100Fm
Fermium

(257)

101Md
Mendelevium

(258)

69Tm
Thullium

168.93

70Yb
Ytterbium

173.04

71Lu
Lutetium

174.97

102No
Nobellium

(259)

103Lr
Lawrencium

(260)
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Lanthanide Series

Actinide Series




